INTRODUCTION
In the last several years, there has been a large increase in fuel ethanol production (Klopfenstein et al., 2008) , which has led to an increase in processed byproducts (Clemens et al., 2008) . As a result, the use of distillers grains (DG) in beef cattle diets has become more popular. Research has begun to focus on the response of meat quality to the increasing usage of DG in fi nishing diets.
When evaluating meat quality, 2 major factors play critical roles in consumer decisions: color and tenderness (Kropf, 1980; Miller et al., 1995) . Previous research has demonstrated DG may have a negative impact on meat color stability (Roeber et al., 2005; Kinman et al., 2010) . ABSTRACT: Two hundred forty heifers were fed at Oklahoma State University in Stillwater, OK, in 1 of 2 treatment groups: a dry rolled corn (CON) diet or a diet including 30% wet distillers grains plus solubles (WDGS). Chuck rolls (n = 60) and paired strip loins (n = 75 pairs; 38 CON and 37 WDGS) were collected from each treatment group and processed at 3 d and 14 d, respectively. After grinding, each chuck was separated into 8 polyvinyl chloride (PVC) fi lm overwrapped packages and 8 high oxygen modifi ed atmosphere packaging (MAP), each containing approximately 0.23 kg of ground beef, for evaluation by a trained color panel, a trained color panel and a trained sensory panel and for thiobarbituric acid reactive substance (TBARS) analysis. After 14 d, 1 strip loin from each pair was injected with an enhancement solution. Steaks from each strip loin were fabricated and packaged, one-half in PVC and one-half in MAP. In addition to the evaluation by trained color and sensory panels and TBARS analysis, steaks were subjected to instrumental color evaluation using a HunterLab Miniscan XE and Warner-Bratzler Shear Force analysis using an Instron Universal Testing Machine. Ground beef exhibited no signifi cant differences in color between dietary treatments; however, sensory panelists did fi nd MAP WDGS had less beefy fl avor (P = 0.05) and more painty fl avor (P = 0.01) intensities than the MAP CON ground beef. Cattle fed WDGS discolored more (P = 0.01) and had less bright steaks than cattle fed the CON when MAP and enhanced. Distillers fed, nonenhanced (nonE) MAP steaks were redder and yellower than control steaks (P < 0.05) on removal from simulated retail display. There were no other signifi cant (P > 0.05) color differences between dietary treatments using any other combination of postharvest interventions. Sensory panel results indicated WDGS NE PVC products were juicier and more tender (P < 0.05), initially, and contained less connective tissue (5.3 ± 0.1, 5.5 ± 0.1, and 5.9 ± 0.4, respectively) than the steaks from CON carcasses (5.1 ± 0.1, 5.4 ± 0.1, and 5.8 ± 0.4, respectively). Although WDGS NE MAP steaks showed more oxidation than CON NE MAP steaks on removal from retail case, all TBAR values were well below a threshold of 1 mg malonaldehyde/kg. Essentially, MAP but not enhancing products from cattle fed WDGS may be the best way to maintain a visually appealing appearance in the retail case but at possible risk to product juiciness.
can be used to combat these effects. Two popular interventions in recent years have been increasingly used: modifi ed atmosphere packaging (MAP) and enhancement injection solutions. Modifi ed atmosphere packaging is a technique that has been used for several years because of its ability to maintain color over a longer period of time in the retail case than more traditional oxygen permeable packaging methods. However, research has indicated that atmospheres, such as high oxygen MAP, although effective at stabilizing color, negatively impact palatability (Jayasingh et al., 2002; Zakrys et al., 2008; Aaslyng et al., 2010; Kim et al., 2010) . Enhancement solutions can be used to reduce variation in tenderness that is common in beef products (Hoffman et al., 2008) and have the distinct benefi t of creating a more tender, juicy, and often fl avorful product. Therefore, enhancement may be a suitable option to combat any negative sensory properties created by high oxygen MAP techniques and extend the color stability of the product. In addition, enhancement can be effectively used to reduce variation that may result from using DG in cattle diets that were produced in different plants.
The fi rst objective of this experiment was to determine the impact of using postharvest interventions on the color stability of beef products from cattle that have been fed DG. Second, this experiment sought to determine the impact of the postharvest interventions on the palatability of beef steaks after they have been in retail display.
MATERIALS AND METHODS
The Oklahoma State University Institutional Review Board and Institutional Animal Care and Use Committee approved the experimental protocol used in this study.
Two hundred forty heifers were fed at Oklahoma State University's Willard Sparks Beef Research Center in Stillwater, OK. The heifers were assigned to 1 of 2 treatment groups: dry rolled corn (CON), the control group, or 30% wet DG plus solubles (WDGS). Cattle were shipped to a commercial harvest facility for harvest and data collection. One hundred twenty head were deemed suitable for harvest based on BW and visual inspection on January 20, 2009; the rest were harvested on February 10, 2009.
Harvest and Data Collection
Heifers were harvested at a commercial processing facility in Dodge City, KS. Data were collected by trained Oklahoma State University personnel. On the day of harvest, tag transfer was completed and HCW were recorded. After a 36 h chill, complete carcass data were collected: ribeye area, marbling score at the 12th and 13th rib interface, KPH, fat thickness (FT), and lean and skeletal maturity. Quality and yield grades (YG) were calculated according to these data.
Strip Loin and Chuck Collection
After data collection along the grade chain, cattle were railed out in the fabrication cooler to allow selection and tagging of strip loins and chucks. Approximately one half of the product collected was graded by the USDA grader as USDA Choice whereas the other half was graded as USDA Select. A total of 75 pairs of strip loins were selected and fabricated according to Institutional Meat Purchase Specifi cations (IMPS) number 180 (USDA, 1996) : 38 pairs of loins from the CON diet and 37 pairs from the WDGS diet. From the same selection of carcasses, a total of 60 chuck rolls (IMPS number 116A; USDA, 1996) were collected from the right side, 30 from the CON diet and 30 from the WDGS diet. Product was vacuum packaged, boxed, and immediately transported to the Oklahoma State University Robert M. Kerr Food and Agricultural Products Center.
Sample Preparation of Ground Beef
Chuck rolls (n = 60) were processed and ground 3 d after harvest. Eight 0.23-kg samples of fi nely ground (3.2 mm) product were selected from each chuck. Four samples were placed in a Styrofoam tray with a soaker pad and overwrapped with a polyvinyl chloride (PVC) fi lm [Pliant Corp., Schaumburg, IL; tray size 4S, oxygen transmission rate 902 mL/(654.16 cm 2 × 24 h)]. The other 4 samples were placed in plastic trays with a soaker pad and sealed in a high oxygen MAP (approximately 70% O 2 and 30% CO 2 ). Modifi ed atmosphere packaged products were placed in dark storage for 5 d at 4°C before retail display whereas all PVC products were immediately placed under retail lighting. A sample of ground product was collected from each chuck for fat analysis. Samples were powdered and analyzed via the Soxhlet extraction procedure (modifi ed, method 960.39; AOAC, 1990) .
Sample Preparation of Strip Loins
After 14 d of aging at 4°C, 1 strip loin from each pair (n = 75 pairs; 38 CON and 37 WDGS) was injected with an enhancement solution (E). The other strip loin from the pair remained nonenhanced (nonE). Strip loins were selected for injection by alternating left and right sides. Pump percentage was calibrated to be 10% of the initial strip loin weight. Enhanced strip loins from the fi rst harvest were subsequently injected at an average of 12.05% of the initial weight. However, equipment was adjusted so E strip loins from the second harvest were injected to the target average of 10.02%. The enhancement solution consisted of 0.35% Brifi sol 750 (BK Guilini Corp., Simi Valley, CA), 0.30% Cargill Hi-grade salt (Cargill, Inc., Minneapolis, MN), 0.05% Vivox 4 Antioxidant (Vitiva, Markovci, Slovenia), 1.9% Purasol HiPure P Plus (PURAC America, Lincolnshire, IL), 0.1% Proliant B1301 Beef Stock (Proliant, Inc., Ankeny, IA), water, and ice. After injection, the E strip loins were allowed to equilibrate for 30 min before cutting steaks. Each strip loin (n = 150) was faced at the anterior end and nine 2.54-cm steaks were subsequently cut and packaged. The face steak was vacuum packaged and frozen in a blast freezer (-20°C) for predisplay thiobarbituric acid reactive substance (TBARS) analysis. The fi rst 2 steaks were identifi ed for Warner-Bratzler shear force (WBSF) analysis, the next 2 steaks were packaged for full retail display, the next 2 steaks were packaged for 3 d of retail display, and the next steak was identifi ed for MAP 1 d display. The fi nal 2 steaks were cut in half and packaged alongside the 4 steaks identifi ed for 3 d retail display and full retail display. These partial steaks were used in TBARS analysis. One-half of these steaks (1 from each category) were placed in a Styrofoam tray with a soaker pad and overwrapped with a PVC fi lm. The other one-half of the steaks were placed in plastic trays on a soaker pad and sealed in a high oxygen MAP package (approximately 70% O 2 and 30% CO 2 ). Steaks for MAP were then placed into rigid, case-ready plastic MAP trays (24.5 by 14.3 by 5.0 cm rigid polypropylene trays, CS1178; Cryovac Sealed Air Corp.) with absorbent pads (Dri-Loc Soaker Pads, AC-50; Cryovac Sealed Air Corp.). Trays were fl ushed with approximately 70% oxygen and 30% carbon dioxide and heat sealed with a barrier fi lm (LID 1050 fi lm, 1.0 mils; less than 20.0 oxygen transmission mL/(24 h × m 2 ) at 4.4°C with 100% relative humidity (RH) and moisture vapor transmission less than 0.1 g/(24 h × 645.2 cm 2 ) at 4.4°C and 100% RH; Cryovac Sealed Air Corp.) and packaged (Ross Jr. S-3180; Ross, Midland, VA) using an inhouse G. Mondini MAP machine (Model CV/VG-5; G. Modini S.P.A. Cologne, Italy). The MAP products were placed in dark storage for 5 d to simulate commercial transportation whereas the PVC products were immediately placed directly under retail lighting.
Simulated Retail Display
Products identifi ed for retail display were placed in a coffi n style display case, which was maintained at an average temperature of 1.95 ± 1°C, under continuous lighting conditions (Philips Delux Warm White Fluorescent lamps; Andover, MA). The surface of the meat was exposed to 807 to 1,614 lux for the entire period in retail display. Due to space restrictions, 28 packages of product that were color evaluated (approximately one-half CON diet and one-half WDGS diet) and ground beef reserved for sensory panels were placed in a separate room under the same retail lighting conditions and maintained at approximately 3.61 ± 1°C.
Visual Color Evaluation
A 6-person panel of trained Oklahoma State University personnel evaluated color every 12 h in retail display. Panelists were trained using Munsell color tiles (Gretagmacbeth, New Windsor, NY) and had to achieve a passing score before serving on the color panel. Panelists assigned scores to each package of ground beef for ground meat color using an 8-point scale (8 = light grayish-red pink or pale pink, 7 = very light cherryred or grayish pink, 6 = moderately light cherry-red or grayish pink, 5 = cherry-red or grayish pink, 4 = slightly dark red or grayish-pink, 3 = moderately dark red or grayish-pink, 2 = dark red or grayish-pink, and 1 = very dark red or very grayish-pink) and for discoloration using a 7-point scale [7 = total discoloration (100%) and 1 = no discoloration (0%)]. Strip steaks were evaluated based on steak color score, surface discoloration (% metmyoglobin), and overall appearance. The lean color scale was 1 = very bright red or very bright pinkish red, 2 = bright red or bright pinkish red, 3 = dull red or dull pinkish red, 4 = slightly dark red or slightly dark pinkish red, 5 = moderately dark red or moderately dark pinkish red, 6 = dark red to dark reddish tan or dark pinkish red to dark pinkish tan, 7 = tannish red or tannish pink, and 8 = tan to brown. The scale used for surface discoloration was 1 = none (0%), 2 = slight discoloration (1 to 19%), 3 = small discoloration (20 to 39%), 4 = modest discoloration (40 to 59%), 5 = moderate discoloration (60 to 79%), 6 = extensive discoloration (80 to 99%), and 7 = total discoloration (100%). Overall appearance was evaluated based on an 8-point scale (8 = extremely desirable, 7 = very desirable, 6 = moderately desirable, 5 = slightly desirable, 4 = slightly undesirable, 3 = moderately undesirable, 2 = very undesirable, and 1 = extremely undesirable). Because most retailers attempt to move steaks within 5 d, steaks were evaluated for 5 d and then removed from the case. Product was then vacuum packaged and placed in a blast freezer for TBARS analysis, sensory analysis, or WBSF. 
Instrumental Color Evaluation

Warner-Bratzler Shear Force
From each strip, 2 steaks, 1 PVC packaged and 1 MAP, were designated for WBSF determination. After display, as described above, steaks were vacuum packaged and frozen until further analysis. Steaks were then allowed to temper at 4°C for 24 h before cooking. The steaks were cooked using an impingement oven (XLT Ovens, Model 3240TS2; BOFI Inc., Wichita, KS) to an internal temperature of 70°C. After cooking, steaks were allowed to cool for 24 h before determining shear force values. After cooling, 6 cores from each steak were removed (1.27 cm in diameter) parallel to the muscle fi ber orientation. Each core was sheared once using the Warner-Bratzler head on the Instron Universal Testing Machine (model 4502; Instron Corp., Canton, MA) at a cross-head speed of 200 mm/min. Peak force (kg) of cores were recorded by an IBM PS2 (Model 55SX) using software provided by the Instron Corporation. Mean peak WBSF was then determined by averaging the 6 cores.
Sensory Evaluation
Steaks that remained in the retail case for 5 d were designated for sensory analysis and were randomly assigned a 3 digit number. After retail display, steaks were vacuum packaged and frozen for sensory evaluation. Each session was randomized to include steaks from both diets and both E and nonE groups. Steaks were tempered for 24 h before cooking and then cooked as described above for WBSF. Immediately after cooking, steaks were cut into 1 by 1 by 2.54 cm pieces and placed into a cup with the corresponding 3 digit number. Cups were placed in individual warmers with heat pads to keep samples warm during the sensory session.
The sensory panel consisted of 8 trained panelists (Cross et al., 1978) who were served the steaks under red lights. The panelists scored (AMSA, 1995) the steaks for initial and sustained juiciness (1 = extremely dry and 8 = extremely juicy), initial and overall tenderness (1 = extremely tough and 8 = extremely tender), and connective tissue amount (1 = abundant and 8 = none). Four fl avor attributes were evaluated. These included beef fl avor, painty/fi shy, livery/metallic, and salty. The fl avor intensity was scored on a 3-point scale (1 = not detectable and 3 = strongly detectable). During sessions, panelists were randomly seated in individual booths in a temperature and light controlled room. Ten samples were served per session in a randomized order, which varied between panelists. Distilled, deionized water and unsalted crackers were provided to each panelist to cleanse his or her palate between samples.
Sensory samples for ground beef were packed in replicate. Each ground beef sample was formed into 0.11 kg patties using a patty former and then cooked on the impingement oven as described above. Each patty was cut into 8 equal sized wedges and served to the panelists. Ground beef product was evaluated for 3 fl avor profi les: beef fl avor, painty/fi shy fl avor, and livery/metallic fl avor. Panelists were trained to evaluate fl avors according to American Meat Science Association training methods (AMSA, 1995) . Eleven samples of ground beef were served per session. A maximum of 4 sessions a day were conducted for all sensory panels, 2 in the morning and 2 in the afternoon. Any 2 consecutive sessions were separated by a 10 to 15 min break.
Thiobarbituric Acid Reactive Substance
Upon removal from the retail case, steaks identifi ed for TBARS analysis were vacuum packaged and frozen in a blast freezer at -20°C. Products were either designated as predisplay (collected when steaks were fabricated), 1 d (MAP only), 3 d, or 5 d samples. Product was allowed to temper for 24 h before TBARS analysis. Lipid peroxidation was determined by a modifi ed method of Buege and Aust (1978) . First, a 10-g sample was selected from the product and placed in a Waring blender to be homogenized with 30 mL of deionized water. The sample was then transferred to a disposable tube and centrifuged for 10 min at 1,854.7 × g at 2°C. Two milliliters of the supernatant was extracted and placed in a disposable glass tube along with 4 mL of thiobarbituric acid/trichloroacetic acid and 100 μL of butylated hydroxyanisol. This mixture was then vortexed, incubated in a boiling water bath for 10 min to develop color, and then cooled for 15 min in a cold water bath. After cooling, the samples were centrifuged for another 10 min at 1,854.7 × g at 23°C. The absorbance of the supernatant was determined at 531 nm against standards that were developed each day.
Statistical Analysis
Data for steaks were analyzed using the mixed procedure (SAS Inst. Inc., Cary, NC) as a completely randomized design with a split-split plot arrangement. Carcass was included as the whole plot, strip loin as the subplot, and steak as the sub-subplot. The ANOVA model for carcass data included carcass as the experimental unit, diet as the fi xed effect, and carcass identification number as the random effect. The ANOVA model for WBSF, sensory, and TBARS analysis included diet, enhancement, and packaging method as the fi xed effects and strip loin identifi cation number as random effect. Data from TBARS analysis were analyzed by each time category (predisplay, 1 d, 3 d, and 5 d).
The ANOVA model for visual color attributes included time as a repeated measure, sample as the subject, and diet, enhancement, and packaging type as the fi xed effects. For instrumental color attributes MAP and PVC samples were analyzed separately. The PVC samples were analyzed as above with time as a repeated measure and diet and enhancement as fi xed effects. Instrumental color attributes for MAP samples were analyzed in the same manner as the TBARS samples. Location (cooler) in which the color evaluation steaks were placed was not signifi cant as such data was pooled and analyzed as 1 group.
The ANOVA model for ground beef was set up in the same manner as the steaks for analysis of sensory, TBARS, and visual color attributes. All ground beef was tested in duplicate; averaged data from duplicates of each sample were analyzed using SAS. For ground beef, diet and packaging method were designated as fi xed effects. Interactions were observed in all models. When the model was signifi cant (α = 0.05), least square means were computed and statistically separated using the pairwise t test (PDIFF option of SAS).
RESULTS AND DISCUSSION
Carcass Data
Carcasses from cattle fed the WDGS diet tended (P = 0.09) to have greater HCW than cattle fed the CON diet (Table 1) . Ham et al. (1994) found moisture content of the corn byproducts may have a minor role in increasing performance by increasing particle size, thus slowing the rate of passage through the digestive system and allowing greater nutrient absorption. Al-Suwaiegh et al. (2002) discovered HCW, FT, and YG were all greater in cattle fed wet DG at the inclusion level of 30% than cattle fed dry rolled corn, but there were no differences between treatments in dressing percentage, loin muscle area, and marbling score. The effects on carcass characteristics in Al Suwaiegh et al. (2002) were similar to those found in previous experiments by Larson et al. (1993) , Ham et al. (1994) , and Lodge et al. (1997) . In the current study, carcasses from cattle fed the CON diet exhibited a tendency (P = 0.07) to have greater marbling scores than cattle fed the WDGS diet. Leibovich et al. (2009) also discovered cattle fed a normal steam fl aked diet had lower marbling scores than those from cattle fed a steam fl aked diet that included 15% distillers grains. No differences were found in adjusted fat thickness, ribeye area, or yield grade in the current study (Table 1) . Analysis of the subset of cattle selected for further evaluation revealed no signifi cant differences for any carcass characteristics. Because of the wide variety of types of DG and inclusion levels in the diet, it is diffi cult to identify the exact cause behind variation in reported data. The inherently greater protein and fat in DG (Stock et al., 2000) may be the driving force behind some of the carcass data trends.
Color Evaluation of Strip Steaks
As indicated previously, color stability is an important component in consumer purchasing decisions. Roeber et al. (2005) researched the effects of wet or dry DG on beef quality traits in Holstein steers, fi nding inclu- 2 Control = dry rolled corn diet; WDGS = wet distillers grains plus solubles.
3 Marbling: 100 = practically devoid 00 ; 200 = traces 00 ; 300 = slight 00 ; 400 = small 00 ; 500 = modest 00 ; 600 = moderate 00 . 00 = zero degrees of marbling in that score.
4 α = 0.05.
sion of DG in cattle fi nishing diets may have a negative impact on color stability during retail display. Upon removal of steaks from the case on d 5 for this study, only 13% of all steaks were deemed moderately undesirable or less. At this time, the packaging × enhancement interactions for steak color and overall appearance were not different (Table 2) . However, an interaction between packaging and enhancement did occur in discoloration of enhanced MAP steaks; the steaks of cattle fed the WDGS diet discolored more (P = 0.01) than cattle fed the CON diet (Table 2) . Although a statistical difference in discoloration was observed between CON and WDGS treatments, both groups were still classifi ed as having minimal discoloration (between 0 and 1%) on d 5. Overall, analysis of steaks by a panel in this study indicate that there was no signifi cant impact of WDGS on color except when high oxygen MAP and a potassium lactate-based enhancement were used together. This discoloration was minimal and still well within acceptability ranges. Further statistical analysis revealed predictable differences within both main effects of packaging and enhancement. When looking only at packaging method (Table 2) , steak color of MAP steaks was signifi cantly darker red (P < 0.0001) than PVC steaks and PVC steaks were more discolored than MAP steaks (P = 0.03) at 120 h. No signifi cant differences were discovered in overall appearance between packaging methods. Less discoloration in MAP steaks was expected as high oxygen packaging can increase red color stability up to 14 d compared with the 4 to 7 d generally offered by the traditional PVC overwrap packaging methods (John et al., 2005) . Results of enhancement demonstrated that steak color of E steaks was darker (P < 0.0001) than nonE steaks. As shown in Table 2 , panelists indicated that nonE steaks were more discolored (P < 0.0001) than E steaks at the time of removal from the retail case. The darker steak color and lesser discoloration of E steaks were likely caused by the inclusion of lactate in the enhancement solution as established by Mancini et al. (2005) . Concerning overall appearance, E products were more desirable (P = 0.02) than nonE products (Table 2) on d 5. There were no differences in steak color, discoloration, or overall acceptability between dietary treatments ( Table 2 ), indicating that dietary treatment would likely have no effect on consumer purchasing decisions.
Instrumental analysis of strip steak color on d 5 revealed no signifi cant dietary treatment × enhancement interactions (Table 3) for L*, a*, and b* values of PVC steaks. On d 5, analysis of MAP steaks revealed E MAP CON steaks were signifi cantly brighter than E MAP WDGS steaks (Table 3) . This lack of brightness may have to do with the slightly greater amount of surface discoloration found in E MAP WDGS steaks by color panelists. Likewise, on d 5, nonE MAP WDGS steaks had greater a* and b* values making them more red and more yellow than nonE MAP CON steaks (P = 0.01). Evaluation of main effects revealed no signifi cant differences in PVC steaks when observed by dietary treatment group (Table 4) . For PVC product, nonenhanced steaks were brighter (P < 0.0001) and more yellow (P < 0.0001) than E steaks on all 3 d of observation (Table  4) . The same steaks were also signifi cantly (P < 0.0001) redder than enhanced steaks on d 1 and d 3 and tended to be (P = 0.07) more red on d 5. For MAP packaged products, differences could be seen in L* and b* values on all 3 d of readings when observing the enhanced treatment group and the dietary treatment group. Nonenhanced Within the same treatment subgroup and in the same column, LS means lacking a common superscript differ (P < 0.05).
1 MAP = modifi ed atmosphere packaging; PVC = polyvinyl chloride.
2 Control = dry rolled corn diet; WDGS = wet distillers grains plus solubles.
3 Steak muscle color: 1 = very bright red or pinkish red and 8 = tan to brown; ground meat color: 1 = very dark red or very grayish-pink and 8 = light grayish-red or pale pink. 4 1 = none (0%); 7 = total Discoloration (100%). 5 1 = extremely undesirable; 8 = extremely desirable.
MAP steaks and WDGS MAP steaks were signifi cantly brighter on all 3 d of readings than E and CON steaks, respectively. At 3 d and 5 d, nonE MAP steaks were redder than E steaks and WDGS MAP steaks were redder than CON MAP steaks (P < 0.05). Mean Hunter values for MAP also indicated that, on all 3 d, WDGS steaks were more yellow (P < 0.05) than CON steaks. Nonenhanced steaks were also more yellow (P < 0.05) than enhanced steaks for all 3 d of instrumental analysis. A study by Gill et al. (2008) also found no differences in visual appearance but found during instrumental evaluation that steaks from cattle fed DG in the diet were brighter but less red than steaks from cattle fed a normal steam fl aked corn diet. Although instrumental evaluation demonstrated more signifi cant fi ndings than visual analysis of color, differences were often very slight from a numerical perspective. Thus, when PVC packaged, there were no differences in dietary treatment, but when MAP is introduced to an enhanced product slightly increased levels of discoloration occur. Research by Grobbel et al. (2008a) found that regardless of enhancement or not, steaks packaged in high oxygen MAP environments discolored through 7 d of display. Kim et al. (2010) concluded physiologically different bovine muscles may display different myoglobin oxidation stability when exposed to a high oxygen MAP environment. Similarly, results from this study may suggest that enhanced beef from cattle fed WDGS may display reduced myoglobin oxidation stability in a high oxygen environment, resulting in slightly greater amounts of discoloration. Use of MAP is advantageous because it provides shelf stability and a redder color; however, enhancement causes a darker more undesirable product, which seems to interact with a high oxygen environment in steaks from WDGS fed cattle. It may be beneficial to leave the product on the shelf for greater than 5 d to discern more conclusive results.
Color Evaluation of Ground Beef
Ground beef was on average 81.3% lean with samples ranging from 8.9 to 29.7% fat. This large range in fat percentage may be due to several factors. Although surface fat was trimmed on the chuck to fi t IMPS within the plant, there was no attempt to standardize or control fat percentage of the end ground product resulting from intermuscular fat. Also, there was no way to control the amount of intramuscular fat inherent within the chuck of each animal. For these reasons, fat percentage within the ground beef samples varied widely. There were no differences in percent lean of CON product and WDGS product (data not shown in tabular form). Upon removal from the case on d 5, only 11% of ground beef products exhibited greater than small discoloration (20 to 39%). Analysis of dietary treatment × packaging interactions revealed that there were no differences in ground meat color or discoloration of ground beef (Table 2) . Likewise, no differences were found in ground meat color or discoloration when comparing dietary treatments. However, PVC ground beef did exhibit darker color (P < 0.0001) and more discoloration (P < 0.01) than MAP ground beef when removed from the case (Table 2 ). This data supports the established benefi t of greater color stability of MAP products when compared with PVC.
Warner-Bratzler Shear Force and Sensory Evaluation of Strip Steaks
Analysis of the WBSF packaging × enhancement interaction indicated no differences in product from the CON and WDGS diets (Fig. 1) . Gill et al. (2008) and Kinman et al. (2010) also found no differences in instrumental tenderness when comparing a steam fl aked corn diet to diets containing DG. In this study analysis of main effects revealed diet had no impact on instrumental tenderness. However, analysis of main effects did indicate 2 Control = dry rolled corn diet; WDGS = wet distillers grains plus solubles. MAP products were signifi cantly (P < 0.0001) tougher than PVC products and nonE steaks were signifi cantly (P < 0.0001) tougher than E steaks (Fig. 1 ). Increased toughness due to greater levels of oxidation in high oxygen MAP environments has been well documented (Lund et al., 2007; Grobbel et al., 2008b; Zakrys et al., 2008) and may be a result of increased cross-linking of myosin and titin (Kim et al., 2010) . Likewise, it has been well documented that enhancement solutions decrease toughness in steaks (Knock et al., 2006; Hoffman et al., 2008) . The effects of packaging type and enhancement were expected as indicated by results from past research. Despite signifi cant differences, all mean WBSF values fell well below the consumer threshold value for retail steaks of 4.6 kg established by Shackelford et al. (1991) and verifi ed again by Miller et al. (1995) . Sensory panel fi ndings indicated that there were some signifi cant differences between dietary treatments in packaging × enhancement interactions for tenderness and juiciness. Distillers steaks were rated as significantly more tender on fi rst impression and overall tenderness when they were nonE and PVC overwrapped (P < 0.0001). Distillers products contained less connective tissue than the CON when nonE and PVC packaged (P < 0.0001). Tenderness results were not supported by WBSF data as there were no signifi cant differences found between dietary treatments. Similar fi ndings were also reported by Kinman et al. (2010) . Table 5 presents fi ndings for packaging × enhancement interactions of juiciness characteristics. Distillers steaks were ranked higher for initial juiciness than CON diet within the nonE PVC products (P = 0.03). Steaks derived from the CON diet carcasses had greater sustained juiciness than other treatments in the nonE MAP grouping (P = 0.04). This may have been a lingering effect of the slightly greater marbling of CON animals reported previously. Results indicated that there were no signifi cant interactions in fl avor intensities (data not shown in tabular form).
When evaluating data by main effects of enhancement or packaging, E products were ranked as signifi cantly juicier and more tender than nonE products (Tables 6 and 7) . Likewise, PVC products were significantly juicier than MAP products, but no differences in tenderness characteristics were found. Both increased juiciness of E steaks and decreased juiciness in MAP products are documented effects of the respective treatments (Grobbel et al., 2008a) . Nonenhanced products were ranked signifi cantly higher on beef fl avor intensi- In the same column, least squares means lacking a common superscript, within the same day and treatment subgroup, are different (P < 0.05).
2 Control = dry rolled corn diet; WDGS = wet distillers grains plus solubles. 6 PVC overwrap L*, a*, and b* P < 0.0001; MAP L* P < 0.0001, a* P = 0.09, and b* P < 0.0001.
7 For all PVC overwrap treatment means P > 0.30; MAP L* P = 0.001, a* P = 0.08, and b* P = 0.001.
8 PVC overwrap L*, a*, and b* P < 0.0001; MAP L*, a*, and b* P < 0.0001.
9 For all PVC overwrap treatment means P > 0.15; MAP L*, a*, and b* P = 0.01.
10 PVC overwrap L* P < 0.0001, a* P = 0.07, and b* P < 0.0001; MAP L*, a*, and b* P < 0.0001.
11 For all PVC overwrap treatment means P > 0.40; MAP L* P = 0.01, a* P < 0.0001, and b* P = 0.01.
ty, painty/fi shy fl avors, and livery/metallic fl avors than E products (data not shown in tabular form). Enhanced products were signifi cantly more salty than nonE products (P < 0.0001), as expected. Although fl avors were not signifi cantly different when interactions were evaluated, it may be important to note that increased saltiness and lack of beef fl avor intensity could be perceived as a drawback to consumers. On the other hand consumers may appreciate a more "fl avorful" steak. No differences in any fl avors were found between packaging methods or between WDGS and CON diets by sensory panelists.
In consumer panels in a study by Roeber et al. (2005) , steaks from steers fed at 25% wet DG received the greatest numerical tenderness and juiciness scores whereas steaks from steers fed 50% wet DG received the lowest numerical tenderness and juiciness scores. Nonenhanced PVC steaks from this study behaved similarly to this, in that the WDGS steaks were considered more tender than CON steaks. Roeber et al. (2005) also reported that fl avor ratings did not differ among treatments, supporting the conclusion of this study that WDGS has no impact on fl avor. Overall, nonE PVC treatments may be best to use for WDGS fed cattle from a palatability perspective because of its positive impact on tenderness and its expression of true beef fl avors as opposed to salty characteristics.
Sensory Evaluation of Ground Beef
Sensory panelists ranked WDGS MAP ground beef as having less beefy and more painty fl avor intensities than CON MAP products and found no dietary differences within PVC ground beef products (Table 8) . Kinman et al. (2010) found greater content of PUFA in steaks from cattle fed at a 30% inclusion of DG, which would make the product more susceptible to oxidative rancidity and thus produce off fl avors. Zakrys et al. (2009) found that oxidized fl avors increased in high oxygen packaged samples but were often still found acceptable by consumers, suggesting that this may be due to adaptation to or familiarity with oxidized fl avors by panelists. This may be a possible explanation to the fl avor profi le of the WDGS MAP ground beef. No interactions were found among livery fl avors in the current study. Ground beef in MAP exhibited a signifi cantly greater beef fl avor and less painty fl avor than PVC ground beef (P < 0.0001). These results contradict those of previous studies, which often fi nd that high oxygen MAP products contain more off fl avors than other packaging types (Jayasingh et al., 2002) . Ground beef from the CON chucks exhibited a more livery fl avor than ground beef from WDGS chucks (Table 8) .
Thiobarbituric Acid Reactive Substances Analysis
Dietary treatments did not have an effect on lipid oxidation as indicated by TBARS concentrations when strip steaks were packaged with PVC overwrap (Fig. 2) . Least squares means for Warner-Bratzler Shearforce of strip steaks (n = 291) for both control (dry rolled corn) and 30% wet distillers grain plus solubles (WDGS) diets. Product was treated with 1 of these options: no enhancement and polyvinyl chloride (PVC) overwrap, no enhancement with high oxygen modifi ed atmosphere packaging (MAP), enhancement with PVC overwrap, or enhancement with MAP. Analysis of main effects show MAP products were signifi cantly (P < 0.0001) tougher than PVC overwrap products and nonenhanced (nonE) steaks were signifi cantly (P < 0.0001) tougher than enhancement solution (E) steaks. Within the same treatment group, least squares means lacking a common superscript differ (P < 0.05) After 5 d of retail display of MAP steaks, nonE product from the WDGS diet cattle were more oxidized than the product from the CON group. All nonE products oxidized signifi cantly faster than E products (P < 0.05) with the exception of PVC steaks removed on 3 d of retail display, indicating that the antioxidant in the enhancement solution worked. However, as shown previously sensory panelists could not detect any differences in fl avors of the steak between dietary treatments. Ground beef products showed no differences in TBARS concentrations for either MAP or PVC packaged samples (Fig. 3) . This may indicate that the off fl avors detected in ground beef by panelists were not a result of lipid oxidation. In the previously mentioned study by Gill et al. (2008) , TBARS concentrations also indicated that a DG diet had no effect on lipid oxidation. Past research has indicated TBARS values of less than 1 mg/mL are associated with detection of rancid fl avor/odors by sensory panelists (Tarladgis et al., 1960; Jayasingh et al., 2002) . Other studies have indicated in beef samples a broader range of detection with TBARS numbers anywhere from 0.6 to 2.0 mg/mL (Greene and Cumuze, 1981; Zakrys et al., 2008) . Regardless all TBARS values in this study were well below this threshold, staying below 0.3 mg/ mL. However, because slight oxidized fl avors were detected in ground beef it is possible that panelist thresholds for oxidized fl avors were less than what has been previously reported.
Conclusion
Based on the results of this study, feeding DG will not have an effect on carcass characteristics. Results indicated that MAP but not enhancing products from cattle fed WDGS may be the best way to maintain a visually appealing appearance in the retail case but at a slight risk to product juiciness. If enhanced and MAP packaged, the distillers product does not seem to maintain visual appearance in the retail case like the control product. Nonenhanced WDGS PVC steaks were initially and overall more tender than CON steaks and contained less connective tissue, but these results were not supported by WBSF results, which indicated no differences in tenderness. The lower degree of connective tissue in the WDGS steaks likely contributed to the overall greater tenderness in comparison with CON steaks. Feeding WDGS does not impact fl avor of steaks, as supported by both sensory and TBARS results. Visual appearance of ground beef seemed to be positively impacted by using the MAP method of packaging, but the product tasted more oxidized and less beefy to panelists. Further research is needed to pinpoint the best combination of Table 7 . Least squares means ± SEM for sensory tenderness ratings for strip steaks (n = 296) categorized by overall treatment and postharvest intervention groups Figure 3 . Least squares means of thiobarbituric acid reactive (TBAR) substances (n = 120) measured at 5 d of display for both control (dry rolled corn diet) and 30% wet distillers grains plus solubles (WDGS) diet ground beef. Product was treated with 1 of the following: polyvinyl chloride (PVC) overwrap or high oxygen modifi ed atmosphere packaging (MAP). Within the same packaging type and display day there were no treatment differences between control and WDGS product (P < 0.05). Within the same treatment group, packaging type, and display day there were no treatment differences between control and WDGS steaks (P < 0.05). CON = dry rolled corn; nonE = nonenhanced; E = enhancement solution.
